Context: Health-care expenditure is increasing worldwide. To control costs and increase efficiency, health economics has been applied by hospital management. Determining the unit cost of medical services is essential for health economics analysis, including health-care financing. Aims: The aim of this study is, therefore, to explore the unit cost analysis of medical services in Vietnam as well as the effects of applying different costing methods. Materials and Methods: A standard costing approach was applied to calculate the unit cost of medical services in two provincial hospitals. During the unit cost calculation, the micro-costing method and the ratio of cost to charge (RCC) method were compared. For both hospitals, the total cost as well as the proportion of capital, labor, and material costs were calculated and compared. The unit cost analysis covered 776 services in Ha Nam Hospital and 2064 services in Thu Duc Hospital. Results: Although both hospitals offer the same level of service, they differ in terms of other characteristics. Hence, their costs are quite different. Comparing the results calculated using the micro-costing method and the RCC method, the unit costs of the same services were also found to be quite different. The present study should prove particularly valuable in relation to the methodological comparison of hospital service cost analysis in developing countries such as Vietnam. Conclusions: The micro-costing method proved to be the most accurate method when calculating the unit cost of medical services since it was best able to reflect the consumption of resources.
INTRODUCTION
N owadays, the prices of medicine and health-care services are often so expensive as to be barely affordable, not only for the majority of low-and middleincome countries but also for a sizeable segment of the global population who do not receive adequate social protection or insurance such as that available in high-income countries. [1, 2] As a consequence, both cost containment and efficiency management are considered to be urgent policy issues. For many countries, health economics is applied as a tool for providing information to policymakers. [3] As evidencebased policy making rarely relies on individual studies, policymakers and the researchers who support them typically attempt to make the best possible use of the various partially relevant studies that are already available. [4] Consequently, the standardized methods and reference values used in health economics studies are vital to the achievement of reliable and comparable results. In the field of health economics, the cost analysis of health-care
In recent years, the health status of Vietnamese people has been significantly enhanced. Many fundamental health indicators concerning the Vietnamese are higher when compared to those of other countries with an equivalent average income. However, some essential indicators have remained poor, while regional differences in terms of such health indicators persist. The Vietnamese population was estimated to be around 89.71 million in 2013. [5] The Vietnamese health-care system is comprised a highly unregulated group of both public and private medical facilities and services. The health-care establishments within the public system consist of four levels of hospital facilities, namely, central, provincial, district, and community facilities. Further, the public sector plays a leading role in providing inpatient health services in 1063 hospitals, with a total of 222,025 patient beds being available in 2014. [6] In developing countries, the government typically provides hospitals that account for more than 50% of all medical resources. In the case of Vietnam, this figure was 41.9% in 2010. [7, 8] According to the standard costing method, there are alternative calculation methods available for each step. These different methods result in a variation in the unit costs of medical services, which has been demonstrated in countries such as Canada, [9, 10] the Netherlands, [11] India, [12] Thailand, [3] and the Philippines. [13] Therefore, the present study aims to explore a unit cost analysis of hospital medical services in Vietnam as well as the effects of different costing methods.
SUBJECTS AND METHODS

Study design
The economic cost of medical services was determined by the standard costing approach, which was performed from the hospital's perspective. [14] The unit cost of medical services was estimated by employing the micro-costing method and comparing it to the ratio of cost to charge (RCC) method. [15, 16] The overall costs consist of the monetary value of the materials, labor, and capital assets used to provide the services.
Study hospitals
Two hospitals in different regions of Vietnam were selected on the basis of their willingness to participate in the study such as Ha Nam Hospital and Thu Duc Hospital. Ha Nam Hospital is located in Phu Ly City, Ha Nam Province, which is in the north of Vietnam some 60 km away from Hanoi. Ha Nam Hospital, which was established in 1954, is a Level II infirmary with a capacity of 662 beds, 124 inpatient admissions, and 540 outpatient visits per day as of 2012. Some 655 health-care staff are employed in 35 departments in Ha Nam Hospital. Meanwhile, Thu Duc Hospital is located in Ho Chi Minh City, which is the largest city in the South of Vietnam. Similar to Ha Nam Hospital, Thu Duc Hospital is a Level II infirmary with a capacity of 700 beds. In 2014, the numbers of visits and admissions per day were over 1,500 for outpatients and almost 100 for inpatients, respectively. The total number of hospital staff working in the 31 departments that comprise Thu Duc Hospital is 780. Furthermore, in 2012, the occupancy rate of Thu Duc Hospital was only 86%, while that of Ha Nam hospital was 123%.
Costing methodology
The term "cost" in this study refers to the economic cost, which is defined as the monetary value of the resources that are consumed to create goods or services. [17] The standard or conventional method of determining cost was employed in this study. [18] [19] [20] Figure 1 provides information about the analysis process concerning the unit cost analysis of medical services based on the standard costing methodology, which consists of six steps: (1) Study design and planning, (2) organization analysis and cost center classification, (3) direct cost of cost centers determination, (4) indirect cost determination, (5) full cost (FC) determination, and (6) unit cost of hospital services calculation.
Step one -study design and planning This step requires the identification of the objectives, cost objects (or cost products), perspective, level of the organization involved, time horizon, and cost component.
Step two -Organization analysis and cost center classification
The structure of the relevant hospital organization is analyzed and then classified into two groups, namely, transient cost centers (TCCs), which are cost centers that support other cost centers, and absorbing cost centers (ACCs), which are cost centers that provide services that need to be calculated.
Step three -direct cost determination
The direct costs of each cost center are determined by accumulating the values of its capital costs, labor costs, and materials costs. Then, the capital cost method and useful years are added.
Step four -indirect cost determination In this step, the allocation criteria are used to rearrange and allocate the cost allocation. In this study, several allocation methods were considered, namely, direct allocation, step-down allocation, double allocation, and simultaneous allocation. However, simultaneous allocation, which is the most accurate method, was ultimately employed in this study. The allocation criteria of TCCs (T1, T2, and T3) were applied as the full-time equivalents of the department of administration, personnel, and finance, respectively, while in the case of the amount of infectious garbage, the revenue was used to allocate the infection control cost center, including laundry (T6) and planning (T4).
Step five -FC determination
The FC of an ACC is calculated based on the summation of the total direct cost (TDC) and all indirect costs (IDCs): FC = TDC + sum of indirect costs (IDCs)
Step six -unit cost of hospital services
In the unit cost analysis, the unit cost calculation is defined using multiple methods, including the average method, the micro-costing method, the relative value unit (RVU) or weight procedure method, and the RCC method.
In cases where the ACC produces only one output (a cost object) or a number of homogeneous outputs (e.g. an outpatient service), the average unit costs are used. For multi-product cost centers, a number of methods are available. The most accurate such method, which does require a greater workload, is the micro-costing method since it is based on actual resource use. [21] The micro-costing method first determines the direct cost of each service (that is, the amount of countable resources that are used during the provision of the service). The second utilized method is the RCC method. [22] This method is relatively less accurate, but it requires a lower workload. The RCC is computed based on historical records. It is used to estimate the cost of each service based on the relevant charge information obtained from patient bills.
In this study, we employed micro-costing as a base case, while the RCC method was used to explore the difference. Microcosting is measured by the cost estimation that relates to "direct enumeration and costing out of every input consumed in service production." The time spent using equipment and the total working time of laborers (including doctors, nurses, and technicians) in practicing specific services were calculated as a proportion of the remainder of the cost. The costs are then calculated by assessing the average working time measured using the labor cost of doctors, nurses, and technicians or the capital cost. This calculation is considered to be fairly simple. First, the total capital cost per department as multiplied by the total time spent using equipment for each service is determined. It is then divided by the total time spent using equipment per department, which results in the unit capital cost of a service.
Second, the unit labor cost of a service is calculated by multiplying the labor cost per department by the time spent working on each service, which is then divided by the total working time of laborers per department. Third, the unit materials cost of a service is calculated by multiplying the total materials cost per department by the unit price of the service and then dividing it by the total revenue per department. Finally, the unit cost of hospital services is the sum of the unit capital cost, unit labor cost, and unit materials cost.
The RCC is calculated by establishing the total cost of the department, prices, and number of services produced. In the first step, the unit prices and the number of services practiced are used to compute the total expected charge. After that, the RCC equals the total cost divided by the total expected charge. Finally, the unit cost of each service is determined by multiplying that ratio and unit price. For instance, when the full charges are 200,000 VND (Vietnam dong), and the total costs are 50,000 VND, the RCC is computed as 0.25. Next, the RCC is applied to determine the costs of services. Then, the unit cost of each service equals the charge (unit price) for each service multiplied by the RCC (0.25), which is used to determine the cost of hospital services.
Data collection and management
The period of time spent collecting the data necessary for the research is defined as a year as well as the period of time during which the costs and outputs are to be considered. Normally, the unit cost analysis of a whole year is practiced so as to avoid the effect of seasonal variations in the number of patients, which might ultimately affect the cost per unit of the fixed cost. This study was conducted during the fiscal year 2012 for Ha Nam Hospital and in the fiscal year 2014 for Thu Duc Hospital.
All data were retrospectively collected. The utilized data collection tools were developed by the research team. The tools were piloted and tested in one hospital. In each of the studied hospitals, staff members with access to data and information concerning finance, equipment, and hospital activities as well as the ability to conduct calculations and use a computer (including representatives of each department) were selected for a 1-day training course regarding the methods of data collection. They were then responsible for collecting data at their hospitals. The two hospitals' activity and annual financial reports represent the main sources utilized from the medical record database, which includes information about outpatient visits, admissions, and inpatient days. In terms of the hospitals' annual accounting report, we retrieved the recurrent expenditures, for example, office materials, maintenance costs spent on equipment or the building and cleaning, electricity, telephone, mail, and internet.
Data analysis
All . [23, 24] 
RESULTS
Organization analysis and cost center classification
As shown in Table 1 , the organizational structures of Ha Nam Hospital and Thu Duc Hospital were based on their functions as supporting departments or patient service producing departments. They were classified as either TCCs or ACCs. The overall cost centers proved similar, comprised eight TCCs for both hospitals as well as 23 ACCs for Thu Duc Hospital and 27 ACCs for Ha Nam Hospital. Each cost center was coded using either the letter "T" or "A" to indicate the group it belongs to TCCs or ACCs. Table 2 , the TDC without drugs for Ha Nam Hospital was divided between TCCs (15%) and ACCs (85%), while it was similarly divided between TCCs (17%) and ACCs (83%) for Thu Duc Hospital. Yet, the percentages of TCCs and ACCs were 9% and 91%, respectively, in the case of Ha Nam Hospital, whereas in the case of Thu Duc Hospital they were 14% and 86%, respectively. From the data, it is evident that the labor cost of Ha Nam Hospital and the material cost of Thu Duc Hospital accounted for the largest part of the ACCs cost. In Ha Nam Hospital, the labor cost comprised 46% of the total ACCs cost, while the material cost accounted for 60%. The TDC (excluding drugs) was comprised three components, namely, the capital cost, labor cost, and materials cost, which are accounted for 32%, 46%, and 21%, respectively, in the case of Ha Nam Hospital. With regard to the TCCs cost, 49% was recorded as the cost of labor, while the values of the capital cost and labor cost in the TCCs accounted for 25% and 26%, respectively. However, the labor cost of the ACCs accounted for a higher proportion (46%) when compared to the capital cost (33%) and labor cost (21%) of those ACCs. In Thu Duc Hospital, differences were found in the proportions of each group (capital cost, labor cost, and materials cost). In terms of the total cost, the capital cost, labor cost, and materials cost contributed 7%, 31%, and 62%, respectively. The materials cost also accounted for the largest proportion of cost in both the TCCs and ACCs, representing 70% and 60% of the total cost, respectively. The labor cost accounted for the second largest proportion, representing 25% and 32% of the total cost related to TCCs and ACCs, respectively. The remaining cost (capital cost) of the TCCs accounted for only 5% of the total cost, while it accounted for 8% of the total cost of the ACCs.
Direct costs
Indirect cost determination
This step presents the indirect cost determination through the allocation criteria for the eight TCCs, which are coded from T1 to T8 for both Ha Nam Hospital and Thu Duc Hospital. The FC of all the TCCs was transferred to the ACCs, in which the transferred cost is referred to as the indirect cost of the ACCs. The simultaneous method was used for the indirect cost allocation. In our study, the allocation criteria for each cost center were selected from one product provided by the TCCs. For example, full-time equivalent represents the allocation criteria for the cost centers of administration (T1), personnel (T2), and finance (T3). Both the nutrition (T7) and nursing (T8) cost centers are considered based on patient-day criteria. Moreover, the revenue, cost of supply, and amount of infectious garbage were allocated to the cost centers of planning (T4), supply and equipment (T5), and infection control (T6), respectively. In terms of the FC of the ACCs, the three departments with the highest value cost (VND) were the pharmacy (A1), emergency (A9), and X-ray (A4) departments, which, respectively, accounted for 5,220,535,796 (9%), 6,444,992,766 (11%), and 7,396,739,810 (12%). However, the TDC ranged from 74% to 95%, with the former figure belonging to the cancer department (74%) and the latter to the X-ray department (95%). The percentage of the labor cost ranged from 12% to 83%, with the lowest percentage (12%) being seen for the X-ray (A4) department and the highest (83%) for the dental (A7) department.
FC determination of ACCs without drugs
Despite of approximately vibration of relatively large value, 11 of the 26 cost center values were greater than 70%. In addition, the average capital cost and materials cost were 33% and 21%, respectively. The ranges of the capital and materials cost values were very similar, being between 3% and 85%.
Unit cost of hospital services
The unit cost analysis covers 776 services and 2064 services in Ha Nam Hospital and Thu Duc Hospital, respectively. In terms of the cost allocation taken from the departments to their units of services, the unit costs of medical services in every department of the two hospitals were calculated using both the micro-costing and RCC methodologies. The latter method was computed by dividing the FC by the total revenue. The analysis of the RCC at Ha Nam Hospital revealed that the variation in the RCC ranged from 0.27 to 16.73 at 2.94 of the average of the RCC. Of the 27 ACCs (apart from the Pharmacy [A1]), seven cost centers had an RCC under 1.0, which renders the RCC the most profitable department. Most of the cost centers exhibited a current price of hospital services dissimilar to the real cost experienced in these services. The RCC of the artificial kidney (A6) department was 0.11, which indicated that the department made the largest profit. This was also proven by its unit cost per department, which was 400,352 VND, followed by the X-ray (A4) department at 125,578 VND. On the contrary, the Department of Surgery/Anesthesiology/Recovery (A11) had the highest RCC at 16.73. The results revealed that the average RCC in Thu Duc Hospital was 6.04 (range from 0.49 to 270), which means that the cost for practicing the service is higher than the current price of the service itself; hence, there is an unnecessary monetary loss. Of the remaining 23 cost centers, only the laboratory (A2) department's RCC was lower than 1.0 (0.49), meaning that providing the service in this department is profitable. (23) Comparing the results calculated using the ratio cost to charge method to those obtained using the micro-costing method revealed that generally the percentages of difference of Ha Nam Hospital and Thu Duc Hospital were decreased by 2245% and 96%, respectively, when calculating using the MC and RCC methods. Thus, there were a medium amount of cases with a %dif with negative results (eight cases) when compared to those with positive results (seven cases) in Ha Nam Hospital. Meanwhile, in the case of Thu Duc Hospital, the MC values were generally greater than the RCC values, resulting in a higher number of %dif cases with positive results (nine cases) than those with negative results (six cases). By taking a more detailed look at the figures, it is recognizable that in the case of Ha Nam Hospital, the X-Ray Cardiopulmonary (Straight) service and X-ray Lung (Tilt) service had a similar percentage of difference (44%), which were also the highest values in the %dif section. On the other hand, the lowest percentage of difference (2%) belonged to the LDL Cholesterol service. Meanwhile, in Thu Duc Hospital, the highest percentages of difference were those of the X-ray cardiopulmonary (straight), X-ray Lung (Tilt), and stool examination services, with the respective values being 285%, 512%, and 157%. Furthermore, the percentage of difference of the TSH service was the lowest in value (9%). For the whole hospital, the X-ray Lung (Tilt) service had the highest percentage of difference, with a value of 278%. In contrast, the HB1Ac service had the lowest %dif (1%). In addition, the %dif of the LDL cholesterol, TSH, and HB1Ac services were all lower than 10% (8% for LDL cholesterol, 4% for TSH, and 1% for HB1Ac).
Comparison of the unit cost between the microcosting method and the RCC method
DISCUSSION
TDCs of cost centers
In terms of the cost center groups, the TDCs of the ACCs, which were 51,240,119,404 VND (84.52%), were greater than those of the TCCs at 9,382,307,215 VND (15.48%) in 2012 in Ha Nam Hospital. With regard to the TDCs, the labor cost accounted for the largest proportion and the materials cost for the lowest proportion, being 28,120,806,688 VND (46.39%) and 13,336,444,000 VND (22%), respectively. In contrast, in Thu Duc Hospital (2014), the TDCs of the ACCs were greater than those of the TCCs, accounting for 202,059,556,587 VND (83.44%). Considering the TDCs, the labor cost accounted for the largest proportion and the materials cost for the lowest proportion, being 151,024,880,526 (62.36%) and 16,833,592,233 (6.95%), respectively. Considering the direct cost, the golden ratio of labor cost to materials cost to capital cost was 20:50:30. It was, therefore, found that many departments had an acceptable cost ratio. The departments often had a low labor cost ratio and low capital cost ratio (about 14 departments had an acceptable percentage value). However, two departments, namely, the Imaging and Surgery/ Anesthesiology/Recovery Departments, had labor cost rates and capital cost rates that were too high. These two departments did not achieve an appropriate proportion of costs.
Unit costs of medical services
The most important information required to determine the unit costs of medical services is complete and accurate cost data. These data include the standard practice guidelines and detailed records of the resource consumption involved in performing such services. Further significant information includes the amount of time spent on each activity by worker(s) to calculate the labor cost. Similarly, information regarding the time spent using equipment is needed for the depreciation cost calculation. A record of the materials used is also very important. It is vital that all the outputs should be counted since they are all very significant in relation to the cost analysis. The remainder (FC of the ACCs -TDC of all services) was the shared cost or the indirect cost of an individual service, which was allocated based on a selected criterion. In reality, micro-costing often results in difficulties when collecting the hospital data required for the cost analysis. Said data include information about the amount of time spent on each activity, the cost/value of materials used per activity, and the time spent using each capital item, which are needed to calculate the depreciation in the cost per service. Thus, a lot of time needs to be spent gathering information. Another key problem concerns the skill of the staff tasked with collecting the data. In addition, some errors cannot be prevented due to the staff members' individual 
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According to the RCC methodology, it is the less complicated method in practice, since it is easy to use and requires only data concerning the charges for medical services when calculating the unit cost of those medical services. This is also useful when analyzing the rate of return, which is important in terms of financial or business management. However, the charge or price setting should reflect the actual unit costs. Therefore, this method should be employed following price standardization based on the unit cost derived from the micro-costing method.
Analysis of variation of the unit cost of some services between the two hospitals: RCC methodology versus micro-costing methodology
To determine how the unit cost of hospitals is analyzed, Tracey et al. [25] conducted a literature review, which showed that the proportion of hospitals using each cost derivation method consisted of the RCC method alone or a combination of the RCC method and other costing approaches (66%), actual cost (12%), RVU (9%), actual cost and RVU (3%), and other methods, or no method (10%). However, recent developments in the field of costing studies of health-care interventions have led to renewed interest in the micro-costing method, the use of which is widespread in various countries to inform efficient resource allocation. In a study conducted by Riewpaiboon, [3] it was found that the micro-costing method has been proven to be reliable.
From the results of the present study, it can be seen that almost all the services supplied by Ha Nam Hospital had a unit cost that is higher than that seen for Thu Duc Hospital according to both the MC and RCC methods. For instance, the unit costs of the T3 Test and CT scanner-32 Slice (not including drugs) in Ha Nam Hospital are higher than those in Thu Duc Hospital at 187.34% and 11.78%, respectively. When using the RCC method, the unit costs of all services exhibited a positive decrease, except for the X-ray lung (Tilt), and stool examination services, which exhibited increases of 35.45% and 62.47%, respectively, between Ha Nam Hospital and Thu Duc Hospital. The average percentages of difference between the two methods in Ha Nam Hospital and Thu Duc Hospital are minus 3.44% and 46.97%, respectively, while the average of the percentage of difference is 21.77%. Riewpaiboon et al. ' s [14] analysis of the RCC method revealed that the variation in the unit costs of medical services was high, ranging from −85% to +32%, which suggested that the existing prices (charges) of the medical services were not related to the real costs of those medical services.
RECOMMENDATIONS
Before the conducting of the present study, the micro-costing method was considered the most accurate method in terms of calculating the unit cost of medical services, since it can best reflect the consumption of resources. Indeed, the microcosting method was found to be most suitable for calculating the unit costs of medical services. However, in the future, a standard cost list should be developed in the Vietnamese context based on the results of the micro-costing method. Similarly, the RCC method should prove efficient after the prices have been adjusted based on the results of the microcosting method.
CONCLUSIONS
The present study is particularly valuable due to comparing different costing methods for hospital service cost analysis in a developing country that is Vietnam. In addition, a number of potential avenues for future investigations using the same methodologies have been identified in this study. It is expected that the method described in this study will prove valuable in terms of conveying costs for researchers in many countries as well as a topic publicly open for valuation. Thus, the present study serves to validate and expand this methodological area.
To cover the expenses of various hospitals as well as their multiple levels (which range from central to provincial and district), a considerable amount of work must be performed. More information regarding the unit cost of health-care services would be helpful in relation to establishing a reference unit cost list for accurate health economics evaluations. As far as hospital financial management is concerned, the results regarding the unit cost of hospital services are needed when implementing and planning the operational and financial regimes that are applicable for public health non-business units. Further, they are also relevant to the prices of medical examinations and treatment services, as well as to the treatment establishments found in Vietnamese hospitals.
